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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hard coating coated tool 
capable of simultaneously attaining significantly high oxidation 
resistance, wear resistance, lubricity, and adhesion for the 
accommodation of drying and high speed in cutting highly hard steel, 
and a complex hard coating coated tool capable of attaining further 
high adhesion by a combination with a conventional coating. 
SOLUTION: In this abrasive-resistant coating coated tool formed by 
coating a base surface with a hard coating, the coating is formed by 
applying coating of at least one layer A, which consists of chemical 
composition expressed by (CraSi1-a)(NxB1-x), where 0.5<a<1, 0.5<x 
<1 and which is composed of phases relatively rich in Si and poor in 
Si. In the layer A, an amolphous microcrystal (CraSi1-a)(NxB1-x) is 
interposed. The abrasive-resistant coating coated tool is also 
constituted by alternately performing the coating of at least one 
layer of chemical composition generally expressed by (TiAI)N with 
each other. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] In the antifriction coat covering tool covered at least one layer in the A horizon which comes out and 
becomes from hard anodic oxidation coatings (NxB 1-x (CraSi1-a)) however 0.5<=a<1, 0.5<=x<=1, and the chemical 
composition shown at a base front face The CrSi (NxB 1-x) phase to which this A horizon is relatively rich in Si, and 
the antifriction coat covering tool characterized by consisting of CrSi (NxB 1-x) phases with little Si relatively. 
[Claim 2] The antifriction coat covering tool characterized by the CrSi (NxB 1-x) phase which is rich in this relative 
target at Si being an amorphous phase in an antifriction coat covering tool according to claim 1. 
[Claim 3] The antifriction coat covering tool characterized by the diameter of crystal grain of the CrSi (NxB 1-x) 
phase which is rich in this relative target at Si being 500nm or less in an antifriction coat covering tool according to 
claim 1 to 2. 

[Claim 4] The nitride which uses this A horizon, and Ti and aluminum as a principal component in an antifriction coat 
covering tool according to claim 1 to 3, carbon nitride, a nitric oxide, the antifriction coat covering tool characterized 
by carrying out the laminating of the ********** more than two-layer. 



[Translation done.] 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the hard-anodic-oxidation-coatings 

covering tool used for high-speed-cutting processing of high degree-of-hardness steel. 

[0002] 

[Description of the Prior Art] In direct cutting of heat treated steel aiming at the high promotion of efficiency of 
metalworking, the TiAIN coat represented by JP,62-56565,A and JP,2-194159,A is developed, and it is applied to the 
cutting tool. As for a TiAIN coat, since oxidation resistance is excellent compared with TiN and TiCN, the edge of a 
blade raises the engine performance of a cutting tool remarkably in cutting of the heat treated steel which reaches 
an elevated temperature. 

[0003] However, in order to fill the high efficiency of the further processing, and the demand of highly-precise-izing 
with recent years, in addition to improvement in the speed of cutting speed, in them, importance is attached to 
cutting in dry type from a viewpoint of an environmental problem and processing cost reduction. While the joining 
phenomenon of the antifriction coat covered by the cutting-tool front face under a cutting environment [ like ] like 
this and the ingredient (**-ed material is called hereafter.) cut has big effect on cutting-ability ability, cutting 
temperature becomes an elevated temperature more and it is in the situation which is not enough as anti-oxidation. 
That is, it is the present condition that it became impossible for said TiN, TiCN, and the TiAIN coat to the former to 
have obtained sufficient cutting-ability ability, and to fully have controlled the wear advance by oxidation by the 
increment in the frictional resistance which originated in the joining phenomenon with **-ed material etc. under 
such a cruel cutting environment, and advance of oxidation. 

[0004] The molybdenum disulfide shown in the Patent Publication Heisei No. 502775 [11 to ] official report from the 
viewpoint which improves joining-proof nature in order to solve such a problem, Although the cutting tool which 
carried out the laminating of the lubrication sex skin film which consists of the tungsten carbide and diamond-like 
carbon which are shown in JP.7-16421 1 ,A to the hard-anodic-oxidation-coatings outermost surface is developed 
All have bad adhesion with hard anodic oxidation coatings, are deficient in it to upper oxidation resistance with the 
very weak coat itself, and cannot respond enough under the above-mentioned cutting environment by exfoliation or 
destruction, oxidation attrition, etc. at the time of cutting. 

[0005] Moreover, although the example which adds the 3rd component is in TiAIN so that it may be represented by 
JP, 7-23701 0,A and JP,10-130620,A from a viewpoint which improves oxidation resistance, the actual condition is 
that oxidation-resistant improvement fully satisfied is not realized only by being based on addition of the 3rd 
component. Although the example of TiSiN is also proposed by JP.8-118106A in mere TiSiN, it has come 
[ moreover, ] to improve oxidation resistance. 

[0006] Moreover, although the example which makes four grains of Si3Ns etc. placed between the interior of hard 
anodic oxidation coatings is also seen so that JP,1 1 -1 38038.A may see, since oxidation advances through Si3N4 
grain boundary, it has come to give sufficient oxidation resistance. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention can respond to dry-type-izing of cutting, and improvement 
in the speed in view of such a situation, namely, a hard layer with little joining nature with **-ed material is 
proposed, anti-oxidation and joining-proof nature are realized to coincidence, and it makes it a technical problem to 
offer the antifriction coat covering tool which may be able to carry out high speed cutting of the high degree-of- 
hardness steel in dry type while excelling in oxidation resistance. 
[0008] 

[Means for Solving the Problem] The result to which this invention person carried out effect affect reduction of the 
abrasion resistance of hard anodic oxidation coatings, various **-ed material, and frictional resistance, and 
examination detailed about the layer structure of a coat, Joining-proof nature is given (NxB 1-x (CraSi1-a)). By 
improving joining-proof nature and controlling the crystalline form further by covering the A horizon which consists 
of chemical composition shown by 0.5<=a<1.0 and 0.5<=x<=1.0 Header this invention was reached [ that the engine 
performance of a cutting tool becomes very good in dry type high-speed-cutting processing of high degree-of- 
hardness steel, and ] by considering as the hard-anodic-oxidation-coatings covering tool to which oxidation 
resistance and abrasion resistance were given by coincidence. Moreover, an A horizon realizes the covering tool 
which was more excellent in adhesion with combination with general TiAIN system hard anodic oxidation coatings 
etc. Moreover, as for the above-mentioned antifriction coat, being covered with physical vapor deposition is 
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desirable. 
[0009] 

[Function] An operation of each of that configuration is first described in detail about an A horizon. CrN is originally 
known as a coat which has lubricity, and the coefficient of friction is before and after 0.6. (CraSi1-a) however, 
although ******** which also spreads 0.5<=a<1.0, 0.5<=x<=1.0, and the nitride that consists of Cr(s) and Si which 
come out and consist of chemical composition shown shows 0.4 and low friction among atmospheric air compared 
with 0.8 of the TiAl nitride coat of the former [ coefficient of friction / with the steel in a room temperature ], and 
0.6 of CrN, under an elevated temperature, the numeric value especially decreases sharply before and after further 
0.2 (NxB 1-x). Originating in Si in a coat carrying out internal diffusion of this to a coat front face by the reaction 
between chips under an elevated temperature, and forming Si oxide of a low-melt point point on a coat front face 
was checked. 

[0010] Lubricity was further given to the lubricating properties in which the CrN itself has a coat (NxB 1-x (CraSM- 
a)) with Si oxide of this low-melt point point, it functioned as a lubrication coat which was remarkably excellent in 
the property, and it was checked that it is what has the operation which controls increase of the cutting force by 
joining. It became clear that lubricity improves further according to the lubricative operation which boron forms BN 
phase inside a coat and this BN phase furthermore has by addition of boron. 

[0011] As a result of this invention persons' inquiring wholeheartedly to oxidation-resistant improvement, when the 
crystalline form of a phase (NxB 1-x (CraSi1-a)) affects oxidation resistance greatly and controls a crystalline form, 
it came to acquire the surprising knowledge that the oxidation resistance superior to N system coat generally said 
for oxidation resistance to be excellent (TiAl) can be given. (CraSi1-a) As for a phase, a crystalline form changes 
with ion energy at the time of covering, when ion energy is low, on the whole, a columnar crystal is presented, and it 
becomes the gestalt to which Si3N4 particle intervened in it (NxB 1-x). When ion energy is high, it will be in the 
condition that it is near in the shape of amorphous on the whole, and will be in the condition that association of Si 
and N is checked in CrNB. Ion energy was whenever [ middle ], and when covering temperature was 550 degrees C 
or more, the perfect amorphous CrSiBN phase existed with the fine crystal, and it was checked that Si content of 
this CrSiBN phase serves as a gestalt which is rich from the amount of Si of the CrSiBN phase used as a matrix. 
When temperature was low, presenting the same crystalline form as the case where ion energy is high was checked. 
Temperature and the reason for correlation of ion energy and a crystalline form need future physical research. 
[0012] When a completeness amorphous CrSiBN phase existed with a fine crystal especially, the grain boundary 
turned into a grain boundary adjusted very much, there were few defects, and they controlled diffusion in the grain 
boundary of oxygen remarkably, and having the oxidation resistance which was very excellent was checked. By being 
placed between coincidence with a fine crystal, lattice strain strengthening of the matrix would be carried out, a 
degree of hardness will improve, and result abrasion resistance will also be improved. A result which has the 
oxidation resistance which the stabilization oxidizing zone of 1-5nm Cr was furthermore formed in the outermost 
surface, and was further excellent was brought. 

[0013] 1Pa - about 5Pa and the covering temperature of the **** bias of -100V— 150V and reaction pressure from 
which ion energy serves as whenever [ middle ] comparatively as covering conditions are range where 550 degrees 
C or more are desirable. 

[0014] The presentation of the metallic element of the A horizon which constitutes the hard anodic oxidation 
coatings of this invention requires that the value of a should satisfy a formula called 0.5<=a<1.0 in (CraSi1~a). When 
the value of a is less than 0.5, Si content increases too much, the toughness of the coat itself deteriorates, 
exfoliation of the coat accompanying internal destruction and destruction of a coat becomes remarkable in dry type 
high speed cutting, and sufficient engine performance cannot be demonstrated. 

[0015] Moreover, in the nitride concerning the above-mentioned A horizon, or ********, it is required to satisfy 
0.5<=x<=1.0 at NxB 1-x, and when the value of x is less than 0.5, the degree of hardness of a coat rises remarkably, 
residual compression stress increases, and since the adhesion of a coat deteriorates, sufficient cutting-ability ability 
is not shown. 

[0016] It is more more desirable to be 500nm or less, since the diameter of a fine crystal grain of an amorphous 
CrSiBN phase has little effectiveness of a lattice strain when 500nm is exceeded, and the improvement contribution 
in a degree of hardness of a coat falls. A single coat is not enough as adhesion for dry type high-speed-cutting 
processing of high degree-of^hardness steel with which HRC exceeds 60, and an A horizon has static and the case 
where exfoliation occurs in it, although it has the adhesion which was excellent under the dynamic condition, low 
friction, and high oxidation resistance. Then, carrying out a laminating to N (TiAl) layer with abrasion resistance etc. 
at the outstanding adhesion-proof list brings a more desirable result in such high degree-of-hardness steel cutting. 
[0017] It is needless to say that the operation with N layer same also at the thing which had the 3rd metal 
component added depending on the case used here (TiAl) is expected. 

[0018] Although it is not limited especially about the covering approach, when the thermal effect to a covering base 
material, the fatigue strength of a tool, the adhesion of a coat, etc. are taken into consideration, as for the hard- 
anodic-oxidation-coatings covering tool of this invention, it is desirable that it is the physical vapor deposition which 
impresses bias voltage to a covering base side, such as arc discharge method ion plating to which compressive 
stress remains to the coat which could cover with low temperature comparatively and was covered, or sputtering. 
[0019] 

[Example] This invention is explained based on an example below, that by which the target coat be obtain from N2 
gas which be the various targets made from an alloy which be the evaporation sources of a metal component, and 
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reactant gas be chose using the arc ion plating system, and the potential of -130V be impressed to 2 cutting edge 
end mill with an outer diameter of 10mm which be a covering base made from cemented carbide, and the insertion 
made from cemented carbide under conditions of the covering base temperature of 600 degrees C, and 3.0Pa of 
reagent gas pressure force, and membranes be formed so that the total coat total thickness might be set to 3 
micrometers. Moreover, boron and Si carried out initial-complement addition at the target which is an evaporation 
source. The example of a comparison is shown in Table 1 at the example list of this invention made as an 
experiment. In addition, in the multilayer case, it covered equally so that it might become the total thickness of 
1.5micro of an A horizon, and the total thickness of 1.5micro of other layers. 
[0020] 
[Table 1] 
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[0021] The cutting trial was performed using the hard-anodic-oxidation-coatings covering end mill and hard-anodic- 
oxidation-coatings covering insertion which were obtained. The tool life was made into the length of cut when a tool 
becomes cutting impossible by a chip or wear of the edge of a blade etc. The obtained result is written together to 
Table 1. A cutting item is shown below. 

[0022] The cutting conditions of a two-sheet cutting-edge superhard end mill were taken as side-face cutting down 
cutting, **-ed material S50C (hardness HB220), slitting Ad10 mmxRdlmm, cutting speed 250 m/min, delivery 0.06 
mm/tooth, and the Ayr blow use. 

[0023] Insertion cutting conditions were taken as tool configuration SEE42TN, beveling processing with a width [ of 
100mm ] x die length of 250mm, ** material SKD 61 (hardness HRC45)-ed, 2.0mm of slitting, cutting speed 150 
m/min, delivery 0.15 mm/rev, and dry type cutting. A test result is written together to Table 1. 
[0024] The oxidation layer thickness formed when a 5micro coat is covered and it holds in 900-degree-C 
atmospheric air for 1 hour estimated oxidation resistance, respectively. Coefficient of friction was measured with 
the general ball-on disc method using the ball of SKD61 in 600 degrees C. Those results are shown in Table 2. 
[0025] 
[Table 2] 
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[0026] They are examples of a comparison when there are too many amounts of Si or boron, and although the 
examples 16 and 17 of a comparison satisfy a static evaluation numeric value, its adhesion is results with a short 
tool life rather than they are enough. The examples 13, 14, and 15 of a comparison are examples which added the 
3rd component to the TiAIN system coat, and although an improvement is carried out, if oxidation resistance is 
compared with the example of this invention, there are few improvement effects. 

[0027] While the example of this invention is excellent in a static evaluation property to these, it excels also in 
adhesion, and a tool life improves remarkably synthetically, without the anomalous attrition resulting from a joining 
phenomenon, the oxidative wear of a coat, and coat exfoliation advancing. Therefore, this invention corresponds to 
dry type high-speed-cutting processing of high degree-of-hardness steel enough. 
[0028] 

[Effect of the Invention] like the above, since [ / the high adhesion which was excellent compared with the 
conventional covering tool, low friction, and high oxidation resistance ], coincidence is markedly resembled in dry 
type high-speed-cutting processing, a long tool life is acquired, and the hard-anodic-oxidation-coatings covering 
tool of this invention is very effective in improvement in the productivity in cutting. 



[Translation done.] 
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Sa<l. 0, 0. 5£xSl. 0, T^tlUt^B 



!( 3) 002-337004 (P2002-337004A) 



Ti A lSfMjjftKOO. 8, CrNOO. 6fcjfr^ 

0. 4 b%BM*7Fttf. Wfc:*iB"FCl4*<9»tt#S 

mmmTismtin s i mtmm&t& z t izimtz 

[0010] icofiMWSeos i BKkfttci 0 (Cr a s 

1, - J (N x B t - x ) ftBJJiC r N*<Ot><0**# 

■t h wmmz § & tanftttaw-s-s ti , m t < wtt«o 

*£«H!W-&tfffl 4 1 COT* & Z b jWBBS *l 
fc. £ fe{c«l*coasant J: 0 . «*#&JRl*l*TB Nffl 

[0011] W8M:tt«f6Lhlc*f U *$ft>!H#6tt«aS 
«SMLfci«, (Cr.Si!-.) (N, B,-») 

m*mm-& zb^zx*). -m.mzmmim^mth t 
mhfih (t i a i ) n&&)14 oftftsWiWfcttfcft 

tUtZ, Z b tfX'% h b V^d fci^ 

(cr.si,-j (n x b, - x ) mmmm 
^i$\$±w.mzm$&&*£ t , 

ts i 3 n 4 KE^*^tt Ltzffimt*£& . ^fjj-yx^ 
t=5r0. CrNBiOtfl-S i t Ncote^5ilgStL-g.^c 

&g**5 5 0°Cm±^^{±^T^;W7rXcOC r S 
i BNffl*>*R«i*SfaT'#ttt. <I<9C r S i BNfflCDS 
i"£*fil4, 7h'J7nt^CrS i BNfflcOS i 

fi 4 o "mtsMmt tttzb -hmizztitz . m&wi&^b 

ZbtfmZZtitz. -r*yx*rt^-i:ISflJKB 
[0012] 't'tt^T^TXC r S i BNW 

ffl L . ^»K:«h.feW8Mbtt**^-S £ b jW*BS ft 
*£fg^M3M;U W£#l«J±Lte«W#|i§tt*fcl*J± 
^£5gBHfc*tf9BJSSftJ: O-JBflHxfeWIWbe*^- 

[0013] ws&frb 

#*#ej£i=S:&. -100V 

-X, RJEffiTJii 1 P a-5 P agS, #H|jUft(4 5 5 0 



[0014] *%fflcoqm&mzffif&t& Kmo&sst 

*e>IBlftli, (Cr a Si, -, ) tfcWCs aCDffitf* 

0. 5Sa<i. Ob^oiRZffiB.Z-t&ZbWiemX' 
tb 5 . a tf>«# 0 . 5 5fc3t«9*£ , S i < & 

[0015] 4?t. ifEAMtfljaffl-ftftt) t<{iS13 
fliftco*^, N x B , - x TO. 5Sx^l. 0$r}S^. 

[0016] 7^/1^7 rXCrSiB NffitOjSfcffljgftiK 
mi 5 0 0 n mZMz. h b < - &Wk 
<7MSL^±X^-imT-t htztb, 500nm HTT* & 

h%&ifihh. %zx\ mifzm&m&mfizmmm 
ttLfz (Ti a i ) Nmmbmm-t&zbtf. zcox 

[00 17] i-ITfflV^fLS (Ti Al ) N«i*& 
ic J: -> X itm 3 «4tJR«4J- * «SJD 3 itit t> «0 T t H«« 

[0018] *«^«ow«*jR«ax^i, ^w«a7f 
Lfz%&. ivmw&MximTZ . «au/s&M(cffiia 

[00 19] 

mmmi vxT^m^mmm^m^xmm-th. r 

mXfoi&fg. 6 0 0°C, R^X£h7J 3 . 0 P a<0^:ffT 
l<ZX , aSS#:T'S) snglOmm «0S5S^^M 2 «C?3 
xyp$;K fcJ;t>'Sa^^ vt-M:-l30V 

KUfe. 4>tai*, S iti^jST'ftS^-^-y hlz& 

smmaviz. mfttttmiMmfizimmzmiz 

tret. «*«W*&«AJicO«J*l. 5 Ms flWfMBW 

1. 5Atk*4J:-5%^«aL«:. 
[0020] 

mi ] 
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tin 


Am 






mm 












(nm) 






£lft(ni) 


* 


i 


(Cr»Si 5 )N 


- 


550 


1 


46 


4.23 




2 


(Cr»$iio)N»B3 


- 


350 


1 


52 


5.44 


w 


3 


(Cr*Si3o)N>*B> 


- 


120 


1 


55 


6.77 


m 


4 


(Cr»Si^)NnB$ 


- 


80 


1 


50 


4.76 






(CrnSiM)NnBj 


- 


190 


1 


57 


6.89 




6 


(CrnSii 3 )N»Bx9 


- 


90 


1 


65 


7.55 




7 


(Cr«Sil5)N55B4» 


- 


35 


1 


52 


4.84 




8 


(Cr«Si»)N«Bi 


TijoAlwN 


490 


2 


48 


5.62 




9 


(Cr„Si,)N w Bs 


Ti»AlwN 


490 


50 


51 


6.24 




10 


(Cr»Sii)N»Bs 


TisoAImNmBi* 


490 


200 


65 


7.43 


tt 


11 




Ti»AIhN 




1 


18 


1.22 




12 




TUAImN 






25 


0.98 


« 


13 




Ti»Al*»Mgi»N 






20 


0.56 




14 




TUAh.ZnoN 






15 


0.88 




15 




Ti4,Al,»Si,»N 






26 


1.54 




16 


(Cr4iSin)N»Bs 




12 




25 


0.99 




17 


(Cr»Sii)N*»B«o 




16 




11 


0.56 




18 




TiCN 






5 


0.15 



[0021] ft h titzmnAmm^ y y zv& 

[00 22] 2fr7)im^y K S/UOflJffJfcWi, «B 

mmyvy*! -v v , mwms soc <i$hb22 

0 ) . OOaMd 1 OmmXRd lmm, WJM2 
5 Om/m i n, jM9 0 . 0 6 mm/ 1 ooth, XT 

[0023]^ y*r- hwm&mt. xmms e e 4 



2TN, lt]10 0mmXU2 5 0mm«I|iMPl, 
fffl«SKD6 1 (f§HRC4 5),fll l )a»2. 0 
mm. -WfJjlJgl 50m/mi n, MOO. 15mm/ 

rev, sgsOTji ufe. *i izg&m&%zffim-t& . 

[0024] 5 ^ t0^2:«?l U 9 

0 0'C^«f T 1 B^«»LfcB*£#jS3ft6«fl!Jitf> 

i^-/i^tfflv\ —imtcx- y? < xtmz*. 

[0025] 
[*2] 
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Am 




(nm) 


«& 


m<tm 

( u ra) 


mm 




i 


(Cr«Si,)N 


- 


500 


1 


0.98 


0.21 




2 


(Cr M 5i.»)N«B 5 


- 


350 


1 


0.76 


0.22 


m 


3 


(CrT D Siio)NifBi 


- 


120 


1 


0.66 


0.16 


m 


4 


(CmSi^NssBa 


- 


80 


1 


0.12 


0.15 




5 


CCrasSiiu)N«Bi 


- 


190 


1 


0.80 


0.2O 




6 


(Cr»Sii»)Nr9B» 


- 


90 


1 


0.72 


0.16 




7 


CCrnSiis)NsEB4s 


- 


35 


1 


0.79 


0.14 




8 


CCr„Sii)N„B< 


Ti«Al.oN 


490 


2 


0.95 


0.22 




9 


(Cr«Sii>Nf5B6 


Ti«Al 00 N 


490 


50 


1.02 


0.23 




10 


CCr«Sii)N«B« 


TijoAlsoNwDn 


490 


200 


1.21 


0.21 


it 


11 




TiwAUoN 




1 


5 


0.83 




12 




Ti«Al«oN 






4.78 


0.73 




13 




TiwAUoMgi«N 






4.50 


0.81 




14 




TiioAUoZnoN 






4.33 


0.88 




15 




TiwAhoSiioN 






3.95 


0.55 




16 


(Cr*.Si w )NwB* 




12 




0.18 


0.14 




17 


(Cr«Sii)N««B4o 




16 




1.43 


0.19 




18 




TiCN 






5 


0.25 



[00 26] itmmi 6, i ms i t KimmcoA 

S. JttfcWl 3, 14, 1511 TiAlNMR^ 

3^^maLtzmmx-h o , wsHte(4&#{4$*is 

[0 0 2 7] i-h.fei:»L*«^ffHi, »«fMi»ttfc: 
mi&bmtz. tlttfctSii, **3i*fc:j8HU>t 

[0028] 



[HMcofS*=S:ISi0J] 

[0 1 ] 0 1 14. *»WH« (Cr s Si,.J (N 

^(Cr.Si, .J (N x B, - x ) COTEM 

[02] 02(4, 01f^7 MICWJC-TS (Cr 
a Si!_J (N x B t _ x ) VHJ y 7 *<OflB8W 

[03] 03(4, 01*^7 hllZftfSth (C r 
a S i t _ a ) (N x B, _ x ) IfflT^^r^^ 
(Ti a Si,.J (N X B 1 _ X ) COffifitm^HI 
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[03] 



